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Abstract. The Valencia region, on the Mediterranean coast
of the Iberian Peninsula, is propitious to heavy precipita-
tion, especially the area encompassing the South of Valencia
province and the North of the Alicante province. In Octo-
ber 2007 a torrential rain affected the aforementioned area,
producing accumulated rainfall values greater than 400mm
in less than 24h and ﬂash-ﬂoods that caused extensive eco-
nomic losses and human casualties. This rain event has been
studied in numerical experiments using the Regional Atmo-
spheric Modeling System. The present paper deals with
the effect of using the different convective parameterizations
(CP) currently implemented in the Regional Atmospheric
Modeling System (Kuo and Kain-Fritsch) in the forecast re-
sults, in particular on precipitation forecast. Sensitivity tests
have been run with and without these parameterizations acti-
vated in a series of combinations of the different grids. Re-
sults are very different depending on the model convective
parameterization setting. A statistical veriﬁcation has also
been undertaken by calculating different skill scores for each
simulation in the experiment.
1 Introduction
Torrential rains and ﬂash-ﬂoods are common in the West-
ern Mediterranean, especially from late summer to autumn.
Such heavy rain events can cause high economic losses and,
sometimes, human casualties. Thus, their study and proper
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forecasting is an important issue in Mediterranean meteorol-
ogy. Numerous efforts addressing this problem from dif-
ferent points of view have been made during recent years.
Some authors have studied the climatology of cyclogenesis
or heavy rain events in the Mediterranean (Maheras et al.,
2001; Trigo et al., 2002), their synoptic settings and genetic
mechanisms (Doswell III et al., 1998; Jansa et al., 2001; Es-
trela et al., 2003), and their dynamics and structure (Lagou-
vardos et al., 1996). Studies have also focused on the evolu-
tion and trends in heavy rainfall events in the Mediterranean,
ﬁnding an increasing trend in both the number of events
and the amount of rain precipitated (Alpert et al., 2002;
Pe˜ narrocha et al., 2002; Mill´ an et al., 2005). The Fourth As-
sessment Report of the Intergovernmental Panel on Climate
Change (Solomon et al., 2007) states that, in future climate
scenarios in the Mediterranean region, heavy-rain events are
expected to be more intense.
Likewise, there are numerous modelling studies of tor-
rential rain events and deep cyclones in the Mediterranean.
These studies comprise the simulation of idealized condi-
tions for rain events (Bresson et al., 2009), the implementa-
tion or performance of analysis or forecast systems (Lagou-
vardos et al., 1999; Davolio et al., 2009), model sensitivity
tests (Davolio et al., 2009), case studies (Federico et al.,
2008), the inﬂuence of different parameters on model re-
sults, such as orography (Federico et al., 2008; Miglietta and
Regano, 2008; Pastor et al., 2010), sea surface temperature
(Pastor et al., 2001; Homar et al., 2002; Lebeaupin et al.,
2006), latent heat ﬂuxes (Romero et al., 2000; Homar et al.,
2002; Federico et al., 2008) or other factors (Meneguzzo
et al., 2004).
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Fig. 1. Location (a) and orography (b) of Valencia region in the
Mediterranean area
Within the Iberian Peninsula, the Valencia region (Fig. 1)
is periodically affected by heavy rain events. There are nu-
merous studies on the torrential rain events in this area, rang-
ing from their spatial distribution and synoptic situations
(Pe˜ narrocha et al., 2002) to the inﬂuence of different factors
such as sea surface temperature in the numerical modelling
of torrential rain (Pastor et al., 2001). In October 2007 a tor-
rential rain event took place in the Valencia region, affecting
mainly the coastal areas and nearby mountains in the center-
south of the region. More than 400 mm in 24h were recorded
atsomestationsintheseareas, withlessintenserainfallinthe
rest of the region. A detailed description of this rain event,
the meteorological situation that led to the torrential rains,
the data recorded and the results of numerical modelling us-
ing Regional Atmospheric Modelling System (RAMS) are
given in Pastor et al. (2010).
The activation or not of the CPs is still an open question in
numerical modelling. In their work, Warner and Hsu (2000)
studied the effects of the activation of CPs on the precipi-
tation forecast in the simulation of a summer season convec-
tion. Theauthorsﬁndgreatdifferencesinthemodelresultsin
high resolution, where the convection is explicitly resolved,
depending on the use of CP in the coarser grids. They also
ﬁnd different physical effects in the inner grid for the dif-
ferent simulations that can be summarized in a warming and
drying above 500–700hPa and a cooling and moistening be-
low.
Convective parametrization schemes currently available in
RAMS assume the grid size in the horizontal to be around
20km or more and that below 2 km horizontal resolution,
no convective parametrization should be activated. As those
convective adjustment schemes were developed for around
20 km resolution grids, their use at intermediate and high
grid resolution has to be carefully considered and evaluated.
In high resolution model grids, it is not necessary to activate
any CP scheme as it is possible to explicitly resolve con-
vection. However, Kotroni and Lagouvardos (2004) show
that a KF scheme should be activated at 2km grid resolu-
tion in the case of convective storms. The same authors also
studied the skill of MM5 model with different combinations
of convective parameterization and microphysical schemes
Fig. 2. Northern Alicante province orography. Courtesy of Consel-
leria de Medi Ambient, Aigua, Urbanisme i Habitatge de la Gener-
alitat Valenciana
(Kotroni and Lagouvardos, 2001), obtaining good forecast-
ing skill using the KF scheme. Mazarakis et al. (2009) also
showed that KF scheme produced good forecasting skills in
cases of intense convective activity.
The present study tries to establish the feasibility of ac-
tivating the RAMS available CP schemes for intermediate
and high resolution horizontal scales. This is done by in-
vestigating the effects of the two CP schemes implemented
in RAMS model. For this purpose, a series of high resolu-
tion simulations of the October 2007 rain event have been
carried out using different combinations of the two convec-
tive schemes in the model grids. We have used the Kain-
Fritsch (KF hereafter) (Kain and Fritsch, 1993) and the Kuo
convective parametrization schemes (Molinari, 1985), which
are implemented in the RAMS model. The KF scheme was
added to the model (Castro et al., 2002) as an alternative to
the Kuo scheme, which had previously been the only deep
cumulus convection scheme available in the model.
2 Rain event description
On 11–12 October 2007 a heavy rain event took place in
the Valencia region with a maximum accumulated precipita-
tion recorded value of 437.6mm and values above 300mm at
other stations during the whole event (48h). A short descrip-
tion of the rain event is given in this section; more detailed
information can be found in Pastor et al. (2010).
The rain event spread across the Valencia region with the
most intense precipitation, both in accumulated value and
rain intensity, recorded on the northeast coast of Alicante
province and surrounding areas. The orography of this area
(Fig. 2) is constituted by a narrow coastal area and a number
of mountain ranges aligned Southwest to Northeast, varying
in height from 300 to 700m with some of the more inland
peaks higher than 1000m. These mountain ranges separate
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Fig. 3. Sea level pressure (hPa, solid line), geopotential height
(gpm, shaded color) and temperature in ◦C (dashed line) at 500hPa
on (a) 10 October 2007 at 00:00UTC, (b) 11 October 2007 at
00:00UTC and (c) 12 October 2007 at 00:00UTC, obtained from
NCEP Reanalysis
a series of long, narrow valleys, open to the coast and well
exposed to maritime northeast and east winds.
The synoptic situation (Figs. 3 and 4) was mainly an east-
erly advection across the Mediterranean, driven along its
southern side by a strong anticyclone that remained station-
Fig. 4. Temperature (◦C, shaded), wind (arrows) and geopoten-
tial height (gpm, contoured) at 850hPa on 11 October 2007 at
12:00UTC obtained from NCEP Reanalysis
ary over Western and Northern Europe. This easterly ﬂow
was reinforced in its ﬁnal stretch and driven to the Valen-
cia region by low pressures present over Northern Africa.
At mid- levels, a cold(er) advection from the Northeast can
be seen during most of the event (Fig. 4), although close
to the moment of maximum precipitation, and for a short
period, a wind convergence area can be seen at 850hPa
level over the sea to the East at 06:00UTC on 12 October
with northeasterly winds coming from the northern half of
the Mediterranean and southeasterly (warmer) winds com-
ing from Northern African coast. Noteworthy is the presence
of an isolated upper-level low over the Valencia region by
11 October. This situation was derived from the arrival of
a moist and potentially unstable air mass from the Mediter-
ranean sea to the Valencia coast. The coincidence of these
factors favored, beside the orographic trigger, an appropriate
environment for the initiation of the rain event.
The rain event affected the whole Valencia region, but
the highest values were markedly focalized in an area to
the south of the Gulf of Valencia, in the northeast Alicante
province and the southeast Valencia province (Fig. 6). In
most of this area precipitation values exceeding 200mm in
24h accumulated while some stations recorded values above
400mm. From Fig. 6 it can be seen that most of the rain-
fall occurred on 12 October as the rain event started dur-
ing the last hours of 11 October and lasted for about 16h
until the ﬁrst half of 12 October. Table 1 shows the high-
est accumulated precipitation recorded in 90 stations by the
meteorological networks of Fundaci´ on CEAM, Spanish Me-
teorological Agency (AEMET), hydraulic authorities of the
Confederaci´ on Hidrogr´ aﬁca del J´ ucar (CHJ) and the Span-
ish Ministry of Agriculture (stations selected in Table 1 are
shown in Fig. 5).
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Fig. 5. Location of the meteorological stations in Table 1 and loca-
tion of vertical cross sections on RAMS Grid 4.
Fig. 6. 48-h accumulated precipitation (11–12 October 2007). Data
recorded by CEAM Meteorology Department, AEMET and Con-
federaci´ on Hidrogr´ aﬁca del J´ ucar
3 RAMS model and veriﬁcation
In this work we have used the 6.0 non-hydrostatic version
of the RAMS model; detailed information about the model
is available in the papers by Pielke et al. (1992) and Cotton
et al. (2003). In previous works at Fundaci´ on CEAM studies
with RAMS, model optimum conﬁguration for mesometeo-
rological studies in the Valencia region has been investigated
by Salvador et al. (1999). RAMS has also been used for the
evaluation of the effects of sea surface temperature on torren-
tial rains (Pastor et al., 2001) and the study of air pollution
dispersion (P´ erez-Landa et al., 2007). RAMS has likewise
been used in the study of torrential rains in the Mediterranean
area by other authors like Lagouvardos et al. (1996, 1999)
Meneguzzo et al. (2004), Federico et al. (2008), Pastor et al.
(2010) and G´ omez et al. (2010).
Table 1. Accumulated precipitation (mm) during 11–12 October
2007.
Accumulated precipitation (mm)
Station Acronym 11/10/07 12/10/07 Total
Alcalal´ ı ALC 22.0 415.6 437.6
Gallinera GAL 15.2 398.0 413.2
Tollos TOL 25.6 359.8 385.4
Isbert ISB 14.4 365.2 379.6
Benissa BSA 181.0 154.0 335.0
Beniarr´ es BEN 18.8 296.4 315.2
Abdet ABD 12.0 262.6 274.6
Marina Baixa MAR 11.0 245.8 256.8
Callosa d’En Sarri´ a CAL 18.0 236.6 254.6
Guadalest GUA 8.0 230.4 238.4
X´ ativa XAT 16.8 169.2 186.0
Sierra Helada SIE 9.0 170.4 179.4
Alf´ as del Pi ALF 15.3 154.8 170.1
3.1 Initial conditions and model conﬁguration
The initial and boundary atmospheric conditions used for the
simulations in this paper were provided by the National Cen-
tre for Environmental Prediction (NCEP) global Final Anal-
yses (FNL) and are available every 6h at 1×1 degree reso-
lution. Four-Dimensional Data Assimilation (FDDA) tech-
niques are used to deﬁne the forcing at the lateral boundaries
of the outermost ﬁve grid cells of the largest simulation do-
main. For the surface boundary conditions we have used land
cover datasets from the US Geological Survey.
The LEAF-3 soil-vegetation surface scheme is applied to
evaluate sensible and latent heat ﬂux exchanges with the at-
mosphere, using prognostic equations for temperature and
soil moisture. LEAF-3 has been prescribed with a homoge-
neous soil texture of the clay-loam type. The soil column is
subdividedinto11layersdowntoadepthof2manditsmois-
ture initialized with a uniform proﬁle at a value of 0.38m3
of water per cubic meter of total volume. The initial soil
temperature proﬁle is obtained by subtracting 2.3◦C from the
surface air temperature in the top soil layer. Temperature lin-
early decreases down to a decrease of 1◦C in the bottom soil
(P´ erez-Landa et al., 2007). The climatological sea surface
temperature provided by RAMS is prescribed over the sea.
Four domains of decreasing size at increasing spatial res-
olution have been used in the RAMS simulations in this pa-
per. Four, two-way interactive, nested domains were con-
ﬁgured at grid spacings of 40.5, 13.5, 4.5 and 1.5km, re-
spectively (Fig. 7). Regarding vertical discretization, a 45-
level stretched vertical coordinate has been used with a 30m
spacing near the surface that gradually increases to 1000m
near the model top, which is located at about 17000 m, and
with 15 levels in the lower 1000m (model grid parameters
are summarized in Table 2). The Chen and Cotton (1983)
radiation scheme, accounting for clouds to calculate short
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Table 2. Rams model settings
Grid nx ny nz dx (m) t (s)
1 90 80 45 40500 60
2 110 101 45 13500 30
3 83 101 45 4500 15
4 128 101 45 1500 5
Fig. 7. RAMS model domains and orography (m)
and long-wave radiation, is used in RAMS model. The cu-
mulus parameterization schemes implemented in model ver-
sion 6.0 are the Kuo and the Kain-Fritsch. In our simula-
tions, they are activated or not in a set of combinations of
the model grids. The cloud and precipitation microphysics
scheme from Walko et al. (1995) has been applied in all the
domains. The rain event took place from the last hours of 11
October to the ﬁrst half of 12 October; thus, we have run our
simulations during 48h, starting at 00:00UTC on the 11th of
October 2007 and ﬁnishing at 00:00UTC on 13 October.
To determine whether activating the Kuo and KF schemes
in different grid resolutions affects/improves precipitation
forecasting, a series of numerical simulations have been per-
formed. Cumulus parameterization schemes have been ac-
tivated/deactivated in the model grids for a set of numerical
experiments, yielding a total of eight different simulations
(Table 3). Although model Grid 4 has enough high spatial
resolution to explicitly resolve convection and no parameter-
ization is needed, we have run a experiment with the Kuo
scheme activated in inner Grid 4; the experiment with the
KF scheme active in Grid 4 did not succesfully ﬁnish. An
additional experiment has been run without any CP active in
any of the model grids (NoC).
Table 3. RAMS convective parameterization settings
Exps. Grid 1 Grid 2 Grid 3 Grid 4
Kuo1 Kuo – – –
Kuo2 Kuo Kuo – –
Kuo3 Kuo Kuo Kuo -
Kuo4 Kuo Kuo Kuo Kuo
KF1 Kain-Fritsch – - –
KF2 Kain-Fritsch Kain-Fritsch – –
KF3 Kain-Fritsch Kain-Fritsch Kain-Fritsch -
NoC – – – –
3.2 Veriﬁcation methodology
To evaluate RAMS precipitation forecasting skill, a quan-
titative assessment has been undertaken for the study area
(model Grid 4). The methodology is based on a statistical
veriﬁcation by means of several widely-used non-parametric
skill scores (Mariani et al., 2005; Mazarakis et al., 2009).
For the statistical evaluation, hourly accumulated precipita-
tion data from 50 rain gauges, 14 operated by CEAM and 36
by CHJ, have been used.
Fortheobservedandforecastedvalues, a2×2contingency
table has been built to categorize the possible combinations
of forecasting and observed events above or below a given
threshold. The threshold set is based on the seven different
thresholds already used in the study by Mariani et al. (2005).
Due to the high intensity of the observed space/time rain-
fall peak, high values up to 80mm/12h are included. In this
table, the four different categories are deﬁned in terms of
whether or not the observation and the forecast exceed the
threshold at the same time. The sample size is the sum of
these four categories and corresponds to the total number of
forecast-observation pairs over the veriﬁcation period.
As only one event is considered, we have used the method-
ology proposed by Hamill (1999) and subsequently applied
by Mariani et al. (2005). In this approach, the skill scores
are calculated as a sum of contingency tables instead of as
an average of contingency tables. This makes the skill scores
less sensitive to small changes in the contingency table pop-
ulation. Thus, the hourly precipitation records are tallied
up on several contingency tables on the basis of accumu-
lation time. Then, Areal Bias (AB), Probability of Detec-
tion (POD), False Alarm Rate (FAR), Critical Success Index
(CSI) and Heidke Skill Score (HSS) are calculated.
4 Results and discussion
In this section we will check the RAMS model forecast
on model Grid 4 against recorded data to determine which
model conﬁguration better ﬁts the observations mentioned in
Sect. 2 (Fig. 6). Daily accumulated precipitation data have
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been used to check simulated accumulated precipitation and
spatial distribution while hourly values have been compared
with the temporal evolution of model forecasts. Statisti-
cal veriﬁcation is based on hourly accumulated precipitation
data that permitted a 12-h compute of accumulated precipi-
tation following the procedure by Mariani et al. (2005) de-
scribed above. In both cases, precipitation observations are
compared with model Grid 4 results at the closest points to
each station.
4.1 Accumulated precipitation and spatial location
RAMS model total accumulated precipitation for the whole
simulation is also shown in Fig. 8 (00:00UTC on 11 Octo-
ber to 24:00UTC on 12 October). On 11 October, the Kuo1
experiment shows a very good performance in both the lo-
cation of the maximum precipitation area and the predicted
accumulated precipitation with respect to the observed data,
but it fails to ﬁnd some local precipitation peaks inland. In
contrast, the Kuo2 experiment almost completely misses the
maximum rain area but captures a local maximum on the
coast to the north of the absolute maximum area. Kuo3
shows a better performance than Kuo2 in locating the max-
imum rain area but it locates it slightly to the north of its
actual position and gives peak values greater than the ob-
served ones. Moreover, another high intensity precipitation
area appears to the north of the Grid 4 domain, thus strongly
overpredicting the precipitation. In the case of Kuo4 the pre-
cipitation maxima forecasted is displaced to the east over the
sea and rainfall values are underestimated over land.
When using the Kain-Fritsch parameterization scheme, re-
sults from the KF1 experiment show the maximum precipi-
tation area displaced to the south and over the sea, and also
underpredict the values. In the KF2 experiment, accumu-
lated precipitation values are still low, and only a small area
with values over 90mm is correctly located. KF3 yields the
worst results of all the experiments, showing very low or
even no precipitation in some parts of the domain. Some
areas with moderate precipitation not present in the recorded
values also appear inland. Globally, the Kuo experiments
provide more realistic results than the Kain-Fritsch for both
the spatial distribution of precipitation and the quantitative
precipitation forecasts. It should be noted that in all the ex-
periments except KF3, an area with moderate to heavy pre-
cipitation appears offshore. In the Kuo3 experiment, this
rain area is closer to the coast, thus generating the unreal-
istic maximum area mentioned above. Results from the NoC
experiment show a narrow precipitation band on the coast,
almost missing precipitation inland, with values lower than
the recorded ones.
Most of the heavy rain in the event fell before 12:00UTC
on 12 October (Pastor et al., 2010). This can be seen in the
results (not shown) from the four Kuo, KF1 and NoC ex-
periments, while KF2 and KF3 give poor results with very
low precipitation values. In the Kuo1 experiment, the max-
imum rain area is not correctly reproduced as it misses the
southern part of the maximum precipitation area and extends
more inland to the Northwest than was observed. Regarding
total values, this experiment again underpredicts precipita-
tion with peak values above 120mm/day. The Kuo2 exper-
iment shows similar spatial patterns to those seen in Kuo1
but with higher precipitation values (240mm/day), although
still underpredicted, and extending more to the south than
Kuo1 but still with very low values. The best results of
the Kuo scheme experiments are obtained in the Kuo3 and
Kuo4 experiments. The spatial distribution of accumulated
precipitation in Kuo3 correctly ﬁts the recorded precipitation
in both extension and location. Nevertheless, even though
Kuo 3 yields greater values than Kuo2, above 240mm, and
a broad area over 100mm, it still undepredicts the precipi-
tation values. Kuo4 shows the highest precipitation peak of
above 300mm very close to the maximum recorded values
but in a smaller area than the actual one and missing the peak
precipitation areas present to the south over the coast. In all
Kuo experiments the rain area extends southwest to northeast
and goes over the sea.
From the experiments using the Kain-Fritsch convective
parameterization scheme, only KF1 gives relatively good re-
sults on 12 October while the KF2 and KF3 experiments
show very low, unrealistic accumulated precipitation values.
In the KF1 experiment the high precipitation area is less ex-
tensive than the real one but it is well-located. The maximum
values are also underestimated, as in all Kuo scheme exper-
iments, with a maximum point value of 200mm. The other
two Kain-Fritsch experiments, KF2 and KF3, show very low
values below 80 and 50mm respectively, and the location of
the maxima is displaced to the North and inland. The NoC
simulation correctly reproduces the precipitation area but un-
derpredicts values with a maximum above 160mm.
4.2 Temporal evolution of precipitation
After studying the accumulated precipitation and its spatial
distribution, the time evolution of the RAMS precipitation
forecast has been analysed. From the data available within
the study area, we have selected stations with hourly data
and plotted observed precipitation against RAMS forecasted
values; three selected precipitation plots are shown in Fig. 9,
these stations are the ones with the highest accumulated pre-
cipitation and hourly data available.
During the ﬁrst 18h of the simulation, very little or no pre-
cipitation was recorded. At most stations, the Kain-Fritsch,
Kuo1, Kuo2 and Kuo4 experiments produced almost no pre-
cipitation while the Kuo3 experiment shows some precipi-
tation peaks although no actual precipitation was recorded.
The heavy rainfall event started at most stations between 20
and 24h after the start of the simulation. All the Kuo scheme
experiments show the onset of the precipitation event cor-
rectly around 18 simulation hours, although Kuo1 gives pre-
cipitation intensities that are too high, as can be seen for the
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Fig. 8. RAMS Grid 4 48-h accumulated precipitation forecast in mm for the whole event: (a) Kuo1, (b) Kuo2, (c) Kuo 3, (d) Kuo4, (e) KF1,
(f) KF2, (g) KF3 and (h) NoC.
three stations in Fig. 9. Kuo4 completely misses maximum
precipitation time in the three stations, giving its maximum
intensity with several hours of delay.
Throughout the rain period, the KF2 and KF3 experiments
yield very poor results as they produce almost no precipita-
tion, except at the few stations where KF2 shows some pre-
cipitation peaks with very low values. In contrast, KF1 yields
the best results of all the KF experiments. Its results are simi-
lar to the Kuo scheme, but they are even better at reproducing
theprecipitationmaximumintensityatsomestations, suchas
Alcalal´ ı station (Fig. 9a). The NoC experiment shows good
skill in determining the onset of the event but it also under-
predicts intensity values. The maximum precipitation time
for NoC experiment shows a delay regarding observed val-
ues, especially in the case of Alcalal´ ı station. In general, the
Kuo scheme experiments reproduce the evolution of the pre-
cipitation event well, although the precipitation values they
give are always too low, about 50% or more with respect to
real precipitation intensities. At most stations, the best re-
sults on event duration and peaks are produced by the Kuo2
and Kuo3 experiments, while in Kuo1 the precipitation starts
too soon and does not reproduce the precipitation intensities
during rainfall well enough.
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Fig. 9. Hourly evolution of RAMS forecasted and observed pre-
cipitation: (a) Alcalal´ ı station, (b) Isbert station, (c) Tollos station
(mm)
4.3 Resolved versus parameterized precipitation
This section deals with the effects of the activation of the
CP in both resolved and parameterized precipitation for all
grids. In a general way, Kuo and Kain-Fritsch convective
parametrization schemes seem to work in opposite direction
as overall accuracy in accumulated precipitation, for highest
resolution grids, improves when the Kuo scheme is activated
in higher resolution grids, while in the case of Kain-Fritsch
scheme, model results improve when the parameterization is
active only in the coarser grid and convection is explicitly
resolved for inner grids.
The activation of Kain-Fritsch scheme in progressively
higher resolution grids tends to diminish resolved pre-
cipitation in all grids and parameterized precipitation in
outer/coarser grids. In the experiments run with the Kuo
scheme activated, parameterized precipitation tends to de-
crease as the parameterization is activated in higher res-
olution grids while resolved precipitation maintains accu-
mulated precipitation values with no great variation but re-
duces spatial extent over land. In the Kuo experiments,
precipitation over sea signiﬁcantly drops when convective
parametrization schemes are activated in higher resolution
grids.
As can be seen in Fig. 10, the resolved precipitation in
Kain-Fritsch experiments drastically decreases in model grid
3 when the parameterization is active in the inner grids. Re-
garding parameterized precipitation (see supplementary ma-
terial), a decreasing pattern can be found in outer grids as
the parameterization scheme is activated in the inner grids.
Grid 1 for KF1 experiment shows more than twice the ac-
cumulated parameterized precipitation found in the KF3 ex-
periment. The same behavior can be found for parameter-
ized precipitation for Kuo scheme experiments (see Supple-
ment). In the case of resolved precipitation in Kuo experi-
ments (Fig. 11), the activation of the convective parametriza-
tion schemes on the inner grids causes a reduction in its areal
extent, especially due to the drastic decline of precipitation
over the sea. Accumulated values do not show substantial
variation between the Kuo experiments, mainly in the maxi-
mum precipitation area (corresponding to model Grid 4).
4.4 Vertical cross-sections
Figure 12 shows the equivalent potential temperature, ver-
tical velocity and wind vectors in a vertical cross-section
at 38.8◦N across RAMS model Grid 4 on 12 October at
06:00UTC for the eight simulations. In these vertical sec-
tions a low-level moist advection towards the coast is found
for all simulations lasting for most or all the simulation time.
This continuous moisture feeding, lifted up via vertical trans-
port mainly due to orographic triggering (Pastor et al., 2010),
along with the presence of instability at the middle and upper
levels(Figs.3and4)constitutedapropitiousenvironmentfor
the onset and persistence of heavy rains.
In the previous hours to the onset of rainfall, vertical
motion starts to appear in a more or less clear way above
the coast depending on the simulation. As an example, at
00:00UTC on 12 October (not shown) signiﬁcant vertical
velocity is only found in Kuo1 experiment, being weaker in
KF1 and almost negligible in the rest of experiments. In the
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Fig. 10. RAMS grid 3 48-h accumulated resolved precipitation for KF and NoC experiments: (a) KF1, (b) KF2, (c) KF3 and (d) NoC.
maximum precipitation interval, in the hours before dawn on
12 October, strong vertical motion is found in Kuo1, Kuo2,
Kuo3, KF1 and NoC experiments over the orographic barri-
ers close to the coast (Fig. 12). The KF2 experiment shows
weaker vertical velocities while the KF3 and Kuo4 do not
show signiﬁcant vertical movement. This situation remains
in the next vertical cross-section 6 hours later but with a
weakening of vertical transport in KF2 and a light increase
in Kuo4. At 18:00UTC on 12 October (not shown) verti-
cal motion persists on Kuo1, Kuo2 and NoC and appears in
Kuo4 but weakens in Kuo3. These differences in the start
and the maximum timing of the vertical motion in the differ-
ent simulations could be the responsible for the delay in the
maximum precipitation intensities found in the model pre-
cipitation forecast (Figure 9).
4.5 Statistical veriﬁcation
The discussion of the statistical scores is based on the 12-
h accumulation time, since values for shorter accumulation
times provide essentially the same information on the skill of
the different conﬁgurations of the RAMS model runs. To
compute the different 12-h accumulation precipitation pe-
riods of the whole event, hourly precipitation records de-
scribed in Sect. 2 have been used. Again, observations of
all meteorologicalstations with this information available are
compared with model Grid 4 results at the closest points to
each station. To compute the statistical scores, all stations
availableinthisformathavebeenmerged. Figure13includes
the evolution of different classical scores computed from the
sum of contingency tables of the event.
Figure 13a shows the AB score for the 8 RAMS conﬁgu-
rations as a function of the selected precipitation thresholds.
For all the RAMS model conﬁgurations AB presents a simi-
lar trend towards underestimating the total precipitation area.
For all the simulations the AB score clearly depends on the
thresholds, although Kuo3 shows higher AB values for high
precipitation intensities. Other differences can be found be-
tween the different model conﬁgurations. KF2 and KF3 are
not able to reproduce the strong maxima observed; thus, their
AB scores are lower than the others for all selected thresh-
olds. Kuo1 and Kuo2 show a similar accuracy-decreasing
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Fig. 11. RAMS grid 3 48-h accumulated resolved precipitation for Kuo experiments : (a) Kuo1, (b) Kuo2, (c) Kuo3 and (d) Kuo4.
behaviour for medium-high intensities, whereas for lower in-
tensities Kuo2 is closer to KF1. Kuo1, Kuo2 and KF1 show a
generally similar trend for AB, with Kuo1 presenting slightly
better scores in low-range intensities and very similar results
in the extent of precipitation for medium-high thresholds.
For all the RAMS simulations, Kuo3 seems to provide the
best AB results for all thresholds. For low and middle pre-
cipitation intensities Kuo3 and Kuo4 are close to 1.0 (perfect
score) while for higher intensities Kuo3 decreases to values
near 0.6 and Kuo4 drastically drops down to AB values simi-
lar to those from Kuo1, Kuo2 and KF1. A notable difference
between Kuo3 and the other RAMS simulations is seen for
the higher precipitation intensities. Kuo3 gave a better pre-
diction of the sharp maxima observed, as the other simula-
tions predicted more diffuse precipitation within the veriﬁca-
tion area. The NoC experiment showed a similar behavior to
that of Kuo1, Kuo2 and KF1.
The CSI (Fig. 13b) has also been examined. The CSI score
measures the fraction of observed and/or forecasting events
that were correctly predicted and can be thought of as the ac-
curacy when correct negatives have been removed from con-
sideration. It is sensitive to hits and penalizes both misses
and false alarms; 1 is a perfect score, while 0 is the low-
est possible value (Mazarakis et al., 2009). For light rain
thresholds, the four Kuo, KF1 and NoC simulations show
fairly good skills, with scores above 0.5; Kuo4 produces
somewhat higher results. KF2 and KF3 show values be-
low 0.6, which rapidly decrease with an increasing threshold.
The skill of the other simulations also decays with increas-
ing threshold values. For medium precipitation intensities,
Kuo2, Kuo3, KF1 and NoC show slightly better skills than
Kuo1 and Kuo4, while the CSI score for Kuo4 and KF1 are
below the other three Kuo scheme and NoC experiments for
higherthresholdvalues. Thereisalsoanotabledifferencebe-
tween KF1, NoC and the four Kuo experiments, on the one
hand, and the other two Kain-Fritsch experiments (KF2 and
KF3) on the other. In this sense, the CSI for KF2 and KF3
for all thresholds are quite below the other tested schemes.
Moreover, for higher precipitation intensities, KF2 has CSI
values near 0, while the CSI score for the KF3 experiment
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Fig. 12. Vertical cross section at 38.8◦N RAMS equivalent potential temperature (K, contoured), vertical velocity (cm/s, shaded color) and
wind vector (arrows) on 06:00UTC 12 October for (a) Kuo1, (b) Kuo2, (c) Kuo3, (d) Kuo4, (e) KF1, (f) KF2, (g) KF3 and (h) NoC.
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Fig. 13. RAMS skill scores: (a) Areal Bias, (b) Critical Success Index, (c) Heidke Skill Score, (d) Probability of Detection and (e) False
Alarm Rate
produces 0 values from 40mm on, indicating that these con-
ﬁgurations should not be used for higher precipitation inten-
sities, at least for this case study, as they do not reproduce
the sharp maxima observed. From these results, it seems that
Kuo3 outperforms the other experiments tested in this study
for the highest thresholds present in heavy rain events.
Figure 13c shows the HSS score which is the most com-
monly used skill score for summarizing 2×2 contingency ta-
bles (Mazarakis et al., 2009). HSS is based on the hit rate
as the basic accuracy measure, and represents the fraction
of correct forecasts after eliminating those forecasts which
would have been correct due to random chance (considered
the reference forecast). Thus, perfect forecasts receive an
HSS score of one, forecasts equivalent to the reference fore-
cast receive a score of zero, and forecasts worse than the ref-
erence forecast receive negative scores. In comparison with
the aforementioned skill scores, HSS shows a similar pat-
tern. Thus, KF2 and KF3 produce low HSS values for all
thresholds, with values near 0 for higher thresholds. It can
be noted that for the case of KF3, the HSS value for the
20mm threshold is near 0 but negative, indicating that this
forecast is worse than the reference one. In Figure 13c, it
is also shown that the differences between the KF1 conﬁgu-
ration and the four Kuo ones are low for medium intensities,
around 20mm, whereas they are greater for values above and
below this threshold. For low and medium thresholds, Kuo 4
produces the best HSS scores while Kuo1 and Kuo3 produce
better HSS scores than Kuo2, KF1 and NoC. On the contrary,
Kuo2 and NoC produce better results for high thresholds.
To analyse the ability of the model to correctly forecast
the observed precipitation, POD has been calculated and in-
cluded in Fig. 13d. POD results are very similar to AB ones,
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showing a descending trend from the lower thresholds to the
higher ones. Kuo4 yields the best results for thresholds be-
low 20mm while Kuo1 has better skill than Kuo2, KF1 and
NoC. For thresholds above that value, Kuo3 and NoC show
a better performance with Kuo3 achieving the better skills
on the highest thresholds. As for the case of the AB score,
Kuo3 generally produces the best POD values for all thresh-
olds. Finally, the POD for KF2 and KF3 shows poor results,
which are even worse for higher precipitation intensities. If
we examine the FAR score (Fig. 13e), it shows a generally
slight ascending trend for the lowest thresholds, which be-
comes more pronounced between 10 and 20mm, indicating
an increase in false alarms. Within this threshold range, all
simulations but KF3 show similar FAR scores, starting to de-
viate from each other up to 20mm but still with an increasing
trend especially for KF3, which produces a quick rise in false
alarms. From 20mm on, the behaviour of the different con-
ﬁgurations can be divided into two groups. On the one hand,
Kuo1, Kuo3, Kuo4 and KF2 follow a light ascending trend
up to 40mm threshold while the rest of simulations start a
noticeable decreasing trend. The trend followed by Kuo3 is
to increase the number of false alarms for higher thresholds
while Kuo1 and Kuo4 start the declining trend above 40 mm.
On the other hand, Kuo1, Kuo2 and KF1 show an unexpected
descending trend for the higher thresholds, especially in the
case of Kuo2 and KF1, thus reducing the false alarm ratio
for high precipitation intensity. It has to be noted that Kuo4
and NoC again increase the number of false alarms for the
highest threshold. It seems that although Kuo3 and Kuo4 are
better at reproducing the total amount of precipitation, Kuo2
and KF1 are better at capturing the time of the precipitation
for all thresholds. This point is shown clearer in the time
evolution graphs in Fig. 9. It should also be noted that, on
11 October, Kuo3 produced a high precipitation area which
was not actually recorded (not shown), and increased its FAR
score for the high thresholds. Due to the larger underestima-
tion of the simulated rain ﬁelds obtained with KF2 and KF3
and the choice of the thresholds, it was not always possible
to compute the FAR scores, as shown in Fig. 13e.
As can be seen in the above skill scores analysis, in gen-
eral, the Kuo3 conﬁguration seems to perform better than the
other conﬁgurations tested for the amount and areal extent
of precipitation while Kuo4 also obtains good performance
for maximum precipitation values. On the other hand, Kuo2
and KF1 seem to better reproduce the time evolution of the
precipitation, although these experiments do not produce as
much precipitation as that shown with Kuo3.
5 Conclusions
In this work, the authors have investigated the sensitivity of
RAMS model forecasts to the choice and activation of differ-
ent convective parametrization schemes at different spatial
scales in a torrential rain event in the Valencia region. The
convective parameterization schemes implemented in RAMS
are Kuo and Kain-Fritsch. The experiment consisted in using
the RAMS model to run different high resolution simulations
with four grids, and activating, or not, the parameterization
schemes in different grids for each simulation (Table 2).
First, we analyzed the accumulated precipitation forecast
from RAMS. In this rain event, two of the experiments with
the Kain-Fritsch scheme activated produce unrealistically
low precipitation values. The only case where the Kain-
Fritsch scheme showed an acceptable performance is the
KF1 experiment in which the Kain-Fritsch parameterization
is active only in the coarser grid of the simulation, while the
other grids explicitly solve the microphysical package equa-
tions. Thus, activating the convection scheme at a progres-
sively higher spatial resolution worsens the RAMS results
for the Kain-Fritsch scheme. Otherwise, the Kuo convec-
tive scheme produces good results on accumulated precipi-
tation spatial distribution for the three experiments, although
it always underestimates precipitation amounts, especially in
the maximum rainfall area. In this latter case, activation of
the Kuo parameterization scheme in increasing spatial reso-
lution grids for the three outer girds progressively improves
the RAMS precipitation forecast regarding maximum precip-
itation values and spatial distribution, although underpredict-
ing actual values, while the activation on the fourth grid, the
inner highest resolution grid, improves the maximum pre-
cipitation peak but worsens the areal extent of precipitation.
The experiment run without any convective parameterization
scheme activated in any grid yielded good results regarding
rainfall spatial distribution but underestimated precipitation
values.
With respect to the time evolution of the precipitation fore-
cast, we have studied the hourly accumulated precipitation
values. As in the case of the spatial distribution of precip-
itation, the Kuo performs better than the Kain-Fritsch one,
except in the KF1 experiment. The Kuo scheme, in general,
properly reproduces the onset and the end of the precipitation
event, however, the Kuo1 experiment (convective scheme ac-
tivated only in the coarser grid) produced higher values than
those recorded just before the real initiation of the event and
lower values than in the other Kuo experiments during rain-
fall. It is notable that in the case of the KF1 experiment, the
model almost ﬁts the moment of maximum precipitation at
the Alcalal´ ı station.
In all the experiments a low-level, moist advection is
found moving over the Mediterranean Sea towards the coast,
feeding humidity that was lifted up by both convection and
orographic triggering. Examination of the vertical velocity
ﬁelds revealed differences between all the simulations. The
stronger and more organized vertical updrafts in the Kuo1,
Kuo2, Kuo3, KF1 and NoC experiments enhanced the mois-
ture transport from the lower to the middle and upper levels.
This resulted in stronger and more continuous moisture feed-
ing up to the condensation levels, favouring the development
of the precipitating system. For the rest of the simulations,
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both the vertical movement and the accumulated precipita-
tion were clearly weaker. The activation of convective pa-
rameterization schemes in the inner grid seemed to diminish
the available instability for both parameterized and resolved
precipitation in the outer grids for this rain event, thus gen-
erating a decrease in accumulated precipitation in the outer
grids.
Our second step has been a statistical analysis of the
RAMS results for this particular rain event in order to
present an objective validation against the comparison of
forecasted/observed surface ﬁelds. Several different skill
scores have been calculated for all the simulations in order to
objectively verify model results against observed data. From
the analysis of these skill scores, the Kuo convective scheme
appears to produce better results in the precipitation forecast-
ing than the Kain-Fritsch scheme. Only the simulation in
which the Kain-Fritsch scheme was activated solely in the
coarser grid showed a skill comparable to the Kuo experi-
ments.
Therefore, based on the behaviour of the different RAMS
conﬁgurations used in this study, we can say that the Kuo
scheme performed better than the Kain-Fritsch one for this
heavy rain event. Activating the Kuo scheme on grids with
increasingly higher spatial resolution, up to 4.5km in our
case, improved the RAMS precipitation forecast both in ac-
cumulated values and spatial distribution. The improvement
was not so signiﬁcant with respect to the temporal evolution
of precipitation intensities. When the Kuo scheme was acti-
vated in the highest resolution (1.5km) grid model, we ob-
tained slightly worse results in terms of the spatial distribu-
tion of precipitation but still acceptable results in terms of
precipitation amounts. For this heavy rain event, the use of
convective parameterization schemes in very high resolution
model grids does not seem advisable. This point should be
studied for any particular case, as other authors have found
improvement in modelling results when using convective pa-
rameterization schemes in high resolution simulations.
In order to achieve more robust results on the effects of
the different CPs available in RAMS model, it is necessary
to perform this study for a statistically signiﬁcant number of
cases of heavy rain events. With that background, the con-
clusions explained before regarding the physical processes
involved in torrential rain events would be more consistent
and become more general for this type of events.
After this sensitivity and veriﬁcation experiment, a more
in-depth analysis of the physical processes involved in a rain
event should be carried out to investigate the factors in the
individual simulations that account for the mechanisms pro-
ducing the effects on the precipitation forecast found in this
work. This will be the authors’ aim in future studies.
Supplementary material related to this article is available
online at:
http://www.nat-hazards-earth-syst-sci.net/11/343/2011/
nhess-11-343-2011-supplement.zip.
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